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(54) VCSEL integral ffeedbaclc assembly 

(57) There is disclosed a raster output scanner (40) 
which utilizes a vertical cavity laser diode (VCSEL) as- 
sembly (42) with an integral set of detectors (S|, S5) 
for the purpose of individually monitoring and adjusting 
the output power each laser diode (€^, ...» €5). A semi- 
transparent and semhreflective plate (70) is positioned 



to allow a portion of each light k>eam €5) to pass 

throu^ arKi reflects the remaining portion of each light 

beam (€*^. .... f's) back onto the detectors (S^ Sg) erf 

the VCSEL asserhbly (42) to provkJe a feedback to ad- 
just the output power of its respective laser diode(€^, .... 
^5). 
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Descripition 

This inventksn relates toafeedback system for aset 
of Vertical Cavity Laser Diode (VCSEL) assembly, and 
more particularly* to a design of a raster output scanner 
which utilizes a VCSEL assembly with an integral feed- 
back system for monitoring the output power of each In- 
divkiual dkxte of the set of VCSELs. 

Typically, a single beam laser dkxie assemt>ly has 
a single dkxJe arxi usually, in a scanning system, the 
dkxie is connected to a train of image pixel inf ormatkxi. 
The pixel informatkm is used to drive the dkxte and 
therefore stimulate laser flux emissk)n where there is a 
pixel. Ideally, tn order to keep the light t>eam generated 
by the laser dkxie constant, the tempeiature of the dkxie 
should be kept at a constant leveL However, due to the 
changing du^ cycle of the train of image pixel kiforma- 
tkxi arxi also due to the environmental temperature var- 
iatkxis. over time, the temperature of the dkxie increas- 
es which in turn causes the output power of the laser 
dkxie to decrease. The decrease in the output power 
will cause a decrease in the amount of cfischarge on the 
photoreceptor. This in turn will cause a decrease in the 
amount of toner attractkxi on the photoreceptor whk:h 
will cause the shade of the image of a printed document 
to deviate from an interxied shade. 

In order to eliminate the deviatkm of the shade of 
tftevnage, itisnecessarytoheeptheoutput levelof a 
laser dkxie at a certain level It shouM be noted that in 
this specffk:ation. Image* shall mean both text and 
graphk:s. 

In a set of laser dkxies assembly, ttiere are muttiple 
laser cfiodes each of whk:h emils a single lig^t beam and 
each light beam is nrxxiulated irxiivkiually with a different 
train of pixel informatkxi. Multi-laser dkxies are usually 
used in raster scanning systems to scan multiple fines 
simultaneously in an interlace format. 

Once light beams are used in an interlace format, if 
the output power of one light beam slightfy differs from 
the other light t)eam, a pherxxnerxm known as barxfing 
wai appear on the printed document In barxfng, ttie 
scan lines which are scanned by one light beam will be 
either darker or lighter than the scan lines which are 
scanned by the other light beam 

It is extremely important to keep the output power 
of all the laser dkxies at a certain level to eliminate the 
banding problem. However, due to the tolerances of la- 
ser dkxies, each laser dkxie reacts differently to the 
temperature arxi its output power changes differently 
based on the temperature change. Asa result, each la- 
ser dkxie exposes the photoreceptor differently which 
creates the barxiing problem 

Since the barxiing problem is created as a result of 
difference t>etween tfte output power of tfie dkxies, ft is 
necessary to adjust the output power of each laser dkxie 
irxiivkiually. 

It is an object of this hventkxi to irxiivkiually ac^ust 
the output power of each laser dkxie of a VCSEL set in 



order to suffk:iently reduce the barxiing problem. 

According to the present inventkm, there is provki- 
ed a raster output scanner comprising: a member hav- 
ing a plurality dt lasing dkxies for emitting a plurality of 

s Bght beams and a plurality of light detecting means each 
of whk:h corresponds to one of saki plurality of lasing 
dkxies; collimating means kx^ated in the path of said plu- 
rality of light beams for collimating saki li^t beams; a 
medium; arxi scanning means kxated in the path of saki 

10 light beams from said collimating means tor scanning 
saki Bg^ beams ^oss said medium; characterized in 
that the scanner further comprises semi4ransparent 
and semi-reflective means kx»ted between saki colli- 
mating means arxi saki scartning means for receiving 

IS saki light beams and partially passing saki light beams 
onto saki scanning mear^ and partially reflecting each 
of saki light beams back onto one of saki light detecting 
means through saki collimating means. 

In accordarx^e vvith the present inventkx). there is 

20 disck>sed a raster output scanner whk:h utilizes a set of 
vertkai cavity laser diode (VCSEL) ^sembly with a plu- 
rality of integral fight detectors. The raster output scan- 
ner of this inventksn, also utilizes a semi transparent and 
senrti-reflecttve plate to pass through a portkxi of each 

^ fight beam and reflect the remaining portion of each light 
beam onto each detector. Each detector has an electri- 
cal oormectksn to a corresporxiing one of the laser di- 
odes of the VCSELs to provkie a f eedttack for the pur- 
pose irxiivkJuaily adjusting the output power of its re- 

30 spective laser dkxie. 

For a better understanding of the present inventkxi, 
refererx^e will now be made, by way of example only, to 
the accompanying drawings in whk:h:- 



3S Figure 1 shows a tangential (fast-scan) view of a 

prior art raster scanning system; 

Figure 2 shows a sagittal (cross-scan) view of the 

raster scanning system of Figure 1; 

Figure 3 shows a raster scanning system in accord- 
^ ancewdh the present inventkxi which is capable of 

mon itoring tite output power of each indivkiuallaser 

dkxie; 

Figure 4 sfxsws a magnified cross sectkxial view of 

the VCSEL light source of Rgure 3; 
45 Figure 5 shows a magnified top view of Figure 4; 

Figure 6 shows a magnified cross sectkxial view of 

the plate 62 of Figure 4 aking line A-A; 

Figure 7 sfiows a magnified portnn of Figure 3 in 

wftk^h only tfie path of the light beam from the laser 
so dkxie d| arxi the path of the same fight beam after 

it is reflected are shown; 

Figure 8 shows a magnified portkxi of Figure 3 in 
whkti only the path of tfie fight beam from tfie laser 
dkxie (% arxi tfie path of the same figfit beam after 
ss ft is reflected are shown; arxi 

Figure 9 shows a top view of a two dimens'xxial ar- 
ray of the VCSEL integral feedback assembly in ac- 
cordance with the present kiventkxi. 
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Referring to Rgure 1 , there is shown a tangential 
(fast-scan) view of a prior art multi-beam raster scarming 
system 10 and referring to Rgure 2, there is shown a 
sagittal (cross-scan) view of the raster scannbg system 
10 of Rgure 1 . Referring to both Rgures 1 and 2, raster 
scanning system 10 utilizes a multi-beam laser light 
source 12, a collimator 14, an aperture 16, pre-polygon 
optics 18, a multi-faceted rotating polygon mirror 20 as 
thescanning element, post polygon optics 22 arxJapho- 
tosensitive medium 24. 

The laser light source 12 has multiple laser diodes 
a^ a^. 33, £^ and a^. However, for the purpose of slm- 
plicity only the light beams from the laser cfiodes a| and 
85 are shown. Laser diode a| emfts a light beam 26 arid 
laser diode % emits a light beam 28. 

The rotating polygon mirror has a plurality of facets, 
each of which is a plane mirror. However bi Figure 2, for 
tfie purpose of simplicity, one of the facets 30 which is 
receiving the light beams, at a given time, is shown as 
line 30 and the light beams reflected by the facet 30 are 
unfolded 

The laser light source 12 sends ttie light beams 26 
and 28 to the rotating polygon mirror 20 through the col- 
limator 14, the aperture 16 and the pre-polygon optics 
18. The collimator 14 collimates the light beams 26 and 
28. The aperture 16 clips the light beams 26 and 28 as 
needed and the pre-polygon optics 18 focuses the light 
beams 26 and 28 in thesa^ttalor cross^scan plane onto 
the rotating polygon mirror 20. 

The facets of the rotating polygon mirror 20 reflect 
the light beams 26 and 28 arKi also cause the reflected 
light beams 26 and 28 to revolve about an axis near the 
reflection point of the facet The reflected li^ beams 
26 and 28 can be utilized through the post polygon ofh 
tks 22 to scan a document at the input end of an imaging 
system as a raster input scanner or can be used to irrv 
pinge upon a photographic film or a photosensitive me- 
dium 24, such as a xerographic drum (photoreceptor), 
at the output of the imaging systera 

The rotating polygon mirror 20 scans both fight 
beams 26 and 28 across the photoreceptor 24 simulta- 
neously in an tnterlace format Ttte light beams 26 and 
28 start scanning the photoreceptor simultaneously with 
each Ii0it beam scannbg an ^dividual line. 

Referring to Figure 3, there is sfK>wn a raster scar>- 
ning system 40 in accordance with the present invention 
which is capable of monitoring the output power of each 
individual laser diode, t n Rgure 3l the optical elements 
44, 48. 60, 52 and 54 are the same and serve tfie same 
purpose as the optical elements 14, 18, 30, 22 and 24 
respectively (rf Rgure 2. The raster scanning system 40 
utilizes a VCSEL light source 42. 

Referring to Rgure 4, there is sfiown a magnified 
cross sectior^ view of tfte VCSEL li^t source 42. The 
VCSEL light source 42 has an array of diodes d| , d^, 
dl4 and c% each d which emits a light beam €2, €3, 
and €5 respectively. Diodes d| , d^ d^ d!4 and are ex- 
posed through the surface N. A plate 62 is mounted on 



the surface N. Bumps 64 of the surface N detaches the 
surface N from the plate 62. Plate 62 has apertures 66 
^ich allow tfie light beams €2, €3, €4 arKi ^5 to pass 
through the plate 62. Plate 62 also has an array of light 

s detectors (light sensors) S^, Sg, S3, S4 and S5. 

Referring to Figure 5, there is shown a magnified 
top view of the plate 62 and referring to Figure 6, there 
is shown a cross sectional view of the plate 62 along 
line A-A of Figure 5. Referring to both Figures 5 and 6, 

10 a plate 61 such as a silicon plate with a thickness, for 
instance 30(^un, is etdied to create a thin plate 62, for 
instance SOpm. After the plate 61 is etched, light detec- 
tors S| , Sg, S3, S4, and S^ are fabricated on plate 62 by 
well known micro electronics processes. The distance 

IS g (see Rgure 4) between the centers C of each two ad- 
jacent light detectors (e.g. S3 arKi S4) is the same as the 
distance h between tfie centers C| of each two adjacent 
laser dkxJes (e.g. dg and 6^, The distance h between 
the dkxtes depends on the system design and on the 

20 function for whch tfiey are designed. 

Referring to Rgure 5, contacts 59 are located on 
surface 55. Contacts 59 provkte connectk)n to the cir- 
cuitry (not sfiown) whch control tfte light detector S,, 
Sg, S3, 84, artd S5. The control circuitry also receive the 

25 generated signals from the light detectors S^ , S2, S3, 
S4, and S5. Lines 57 represent the connectk)n between 
each light detector and its contact 59. 

Referring to Figure 6, after the light detectors S|, 
S2, S3, S4, and 85 are fabricated, the apertures 66 have 

30 to be created in the plate 62. In the preferred embodi- 
ment of this inventk>n. a laser light t>eam is used to cre- 
ate apertures 66 one by one. By striking a laser light 
beam such as the laser light beam P onto tfie plate 62 
on an area such as the area between the light detectors 

3S S5 and S4, an aperture 66 will be etched in the plate 62. 
Each aperture 66 is tocated b^ween two adjacent ligfit 
detectors. 

It should be IK)! ed tfiat the apertu res 66 and tfie I ight 
detectors S|,S2» 83, S4 and 85 can be created to be on 

40 one fine, as shown in Figures, or can be created to be 
offset wdh respect to each ottier However, regardless 
of t>eing on one line or offset, they have to be created 
in such a manner toform a pattern which has alternating 
apertures and light detectors. Furtftermore, the pattern 

^ of the apertures as a stand atone pattem has to match 
the pattem of laser diodes and the pattem of the light 
detectors as a stand atone pattem also fias to match the 
pattern of the laser dtodes. 

Due to the nature of tfie etching process via laser 

so light beam, the apertures 66 have a conical sfiape in 
whk:h tfie opening 65 on tfie surface 67 is larger tfian 
the opening 68 on the surface 69. In this invention, tfie 
opening 68 is selected to be slig^ly smaller tfian the 
size of each laser dkxle d,, d^ ds, d4 and c% of Figure 

ss 4. However, the opening 66 has to be lEirger tfian the 
emitting area (sfiown as 63 n Figure 4) of each laser 
diode d|, d^ d3, d4 and d^. 

Once tfie apertures 66 are created, referring back 
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to Rgure 4, the plate 62 will be bonded to the VCSEL 
light source 42 which is a well known light source in the 
industry. The plate 62 will be bonded to the light source 
42 by a well known method called flip chip bonding. Prior 
to bonding of the plate 62 to the light source 42, each 
aperture 66 has to be aligned with a corresponding one 
of the laser dkxies 6^,62*^^ ^ ^ ^® bumps 64 
are created through the boriding process. 

It shoukJ t)e noted that any method which can create 
the apertures 66 can replace the laser light beam used 
in this invention and any method which can bond the 
plate 62 to the light source 42 can replace the flip chip 
bonding used in this Inventnn. 

Referring back to Figure 3, for the purpose of sirrv 
plcity, only the light beams €^ and from the laser 6h 
odes d| and c% are shown. The light beams and €5 
akmg with the other light k>eams which are ncA shown 
pass through the collimator 44 and cross each other on 
the Image plane of the collimator 44. 

It ShoukJ be noted ttiat when the light be^ns €^ and 
€5 arKi the other light beams cross each other on plane 
P^. the central rays of all light beams €^ and cross 
each other at point f| whnh is the focal point of ttie col- 
limator 44. 

A semi transparent and semi-reftective plate 70 is 
placed In the general area of plane P^ in such a manner 
that it has an angle a with respect to the plane P^. The 
image plane PI is a plane whnh is orthogonal to the 
optual axis 51 of the raster scanning system 40. Plate 
70 allows a portk)n of each light beam to pass through 
while reflecting the remainong portkxi of each light k>eam. 
In the preferred embodiment of this inventnn, plate 70 
is selected to aUowatxNJt 95% of the light beam to pass 
through. Plate 70 can be partially coaled to dp the tight 
beam in the same manner as the aperture 1 6 of Figure 2. 

It shouM be noted that as an alternative, instead of 
coating the plate 70. a separate aperture can be placed 
in the raster scanning system 40 to cfip the light beams. 

Referring to Figure 7, there is sfiown a rmgnilied 
partial view of Figure 3 which shows the Bg^ source 42, 
the collimator 44 and the plate 70. Figure 7 shows only 
the path of the light beam^^ and the reflected lig^ beam 
r^. Once the li^t beamf^ from the laserdlode d| strikes 
the plate 70, a portion of it will pass through the plate 70 
and a portnn of it will be reflected back as the light beam 

Due to the angle a <tf plate 70. the reflected light 
beam will be directed toward the light detector 
The r^le^ed Kght beam €^ will pass through the coOh 
mator 44 and focuses on the laser surface N. The de- 
tector is tocated In the path of the reflected Bg^t beam 

The detectors, receives the r^lectedBgM beam 
whk^ b sut>stantially focused. 

Once the detector S|. receives the r^tected light 
beam C^, it generates a signal whch in a well known 
manner will be sent to a comparator to be compared virith 
a reference level and the result will be used In a well 
known manner to modify the output power of the laser 
dkxiedt. 



Referring to Figure 8, there is shown a magnified 
partial view of Figure 3 whch shows the light source 42, 
the collimator 44 and ttie plate 70 with the light beam 
from the laser diode Figure 8 shows only the path of 
s the light beam €5 and the reflet^ed light beam Once 
the light beam €5 from the laser diode d^ strikes the plate 
70, a portion of it will pass through the plate 70 and a 
portkvi of it will k)e reflected back as the li^t beam t^. 
The reflected light beam €5 passes through the collima- 
tor 44 arxJ focuses on the plane N. Detector S5 is located 
in the path of the reflected light beam Detector S5 
receives the substantially focused reflected lig^t beam 
€*| and generates a signal to modify the output power of 
the laser dkxie c%. 

In the same manner, there is one detector for the 
reflected llg^t beam of each indivklual laser diode. Do- 
tectorsS2. SsarKi S4 detect the light beam from the laser 
dkxies d^ d^ and ^4 respectively. 

The light detectors of this invention can also be uti- 
fized for two dimensnnal arrays d VCSEL Referring to 
Figure 9, there is shown a top view of a plate 80 which 
has a two cfimensional array of light detectors 82. The 
plate 80 is bounded to a two dimenskviat array of VC- 
SELs whch is kx:ated under the plate 80. Each laser 
dkxie d of the VCSELs is under a corresponding aper- 
ture 84. 

The light detectors 82 arxi the apertures 84 form a 
matrix and are kxated in an alternating manner. The 
light detectors 82 form rows n^^ artd columns n^. In the 
same manner, apertures 64 form rows and columns 
m|^. For the purpose of simplicity, only a limited number 
of rows and columns of the light detectors 82 and the 
apertures 84 are labeted. Columns n^ of light detectors 
and columns rf% of apertures are tocated in an alternat- 
ing manner. Also, rows n^ of light detecting means and 
rows m^ of apertures are k>cated in an alternating man- 
ner. 

In Figure 9, the circles € represent the light beam 
being generated by the laser diodes d which only a por- 
tion of them (white circles around the black circles) are 
vi5S>le through the apertures 84. Contacts 86 provkie 
connectnn to the circuitry whk:h control the light d^ec- 
tors 82 and receive the generated signals from the light 
d^ectors 82. Lines 88 represent the connection be- 
tween each light detector 82 and its contact 86. For the 
purpose of simprcity only a limited number of the con- 
tacts 86 and the connections 88 are shown. 

It shoukJ further be noted that numerous changes 
in d^ls of oonstructkm and the combination and ar- 
rangement of elements and materials may be resorted 
to without (^parting from the scope of the inventkm as 
hereinafter claimed. 



55 Clalme 

1. A raster output scanner (40) comprising: 
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a member (42) having a pluratity of lasffig di- 
odes (d|, d^ d^ ci|, d^ for emitting a plurality 

of light beams (f^, , and a plurality of light 

detecting means (S,, S2, S3, S4, S5) each of 
which corresponds to one d said plurality of s 
lasing diodes (d,, 6^ dg); 
collimating means (44) located in the path of 
said pluraPfty of light beams {i^ , €5) for col- 
limating said li^ beams » €5); 

a medium (54); and 10 
scanning means (60) located in the path of said 

li^t beams (€), , €5) from said collimating 

means (44) for scanning said light beams 

{€^, €5) across said medium (54); 

characterized in that the scanner (40) further is 
comprises semi-transparent and semi-reflec- 
tive means (70) located between said collimat- 
ing means (44) and said scanning means (GO) 

for receiving said light beams (f^, , €5) and 

partially passing said light beams {t-^, , €5) 20 

onto said scanning means (GO) and partially re- 
flecting each of said light beams (Tf , 1*5) 

back ontooneof said li^ detecting means (S|. 
S3, S4, S5) through said collimating means 

(44). 25 

A scanner according to claim 1. further having an 
optical axis (51) and said semMransparent and 
semi-reflective means (70) forms an angle (a) with 
a plane (P^ ) which is orthogonal to said optical axis ao 
(51), 
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FIG. 6 
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FIG. 9 
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